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(57) ABSTRACT 

A re?ecting ?lm is formed on one substrate, and 1A wave 
length layer is arranged on this re?ecting ?lm. A liquid 
crystal layer comprises liquid crystal molecule, a polymer 
and dichroic dye, the polymer particles being dispersed in 
liquid crystal molecules. Using this con?guration, a liquid 
crystal apparatus free from parallax is available. Because the 
dichroic dye is mixed in the liquid crystal layer, a light 
entering the liquid crystal layer upon non-application of 
voltage is absorbed by the dichroic dye, thus giving a light 
absorbing state. Upon application of voltage, there is avail 
able a light scattering state. 

24 Claims, 8 Drawing Sheets 



U.S. Patent Aug. 12, 2003 Sheet 1 0f 8 US 6,606,138 B2 



U.S. Patent Aug. 12, 2003 Sheet 2 0f 8 US 6,606,138 B2 



U.S. Patent Aug. 12, 2003 Sheet 3 0f 8 US 6,606,138 B2 



U.S. Patent Aug. 12, 2003 Sheet 4 0f 8 US 6,606,138 B2 

V 

k 

Fig. 4 



U.S. Patent Aug. 12, 2003 Sheet 5 0f 8 US 6,606,138 B2 





U.S. Patent Aug. 12, 2003 Sheet 7 0f 8 US 6,606,138 B2 

“om 
00m 

00m 



U.S. Patent Aug. 12,2003 Sheet 8 M8 

0 1» I000 70' // 

IOOI 

6590 

Fig. 861 

US 6,606,138 B2 

Fig. 8c 

I202 



US 6,606,138 B2 
1 

LIQUID CRYSTAL LAYER INCLUDING A 
DICHROIC DYE 

TECHNICAL FIELD 

The present invention relates to a liquid crystal apparatus 
and more particularly, to a liquid crystal apparatus having a 
liquid crystal layer comprising a polymer dispersed in a 
liquid crystal molecule. 

BACKGROUND ART 

A re?ection type liquid crystal display unit has conven 
tionally a con?guration in Which a liquid crystal panel is 
arranged betWeen a pair of polariZation plates and re?ector 
is arranged on one of substrates. HoWever, because of the 
necessity of using a polariZation plate, the conventional 
re?ection type liquid crystal display unit suffers much loss 
of light, resulting in a very dark display. 

There is available, on the other hand, a polymer disper 
sion type liquid crystal display unit having a liquid crystal 
layer comprising a liquid crystal molecule and a polymer, as 
a liquid crystal apparatus of a type not using a polariZation 
plate. This polymer dispersion type liquid crystal display 
unit performs display by the utiliZation of a light transmis 
sion state and a light scattering state. When mixing a 
dichroic dye in the liquid crystal layer of such a polymer 
dispersion type liquid crystal display unit, display is accom 
plished by a light absorbing state and a light scattering state. 

The liquid crystal display unit of such a con?guration has 
hoWever a problem in that light absorption by the dichroic 
is insuf?cient in the voltage non-applied state. 

In a liquid crystal display unit of the polymer dispersion 
type, in Which a 1A Wavelength plate and a re?ector is 
arranged on the outside of one of substrates, the light passes 
therethrough in the folloWing sequence. 

After the light having entered the liquid crystal display 
unit from outside passes through one of the substrates, the 
light passes through the liquid crystal layer. Then, after 
passing through the other substrate, the light passes through 
the 1A1 Wavelength plate and is re?ected on the re?ector. The 
re?ected light passes again through the 1A1 Wavelength plate, 
passes sequentially through the other substrate, the liquid 
crystal layer and the ?rst substrate, and is emitted outside the 
liquid crystal apparatus. This conventional polymer disper 
sion type liquid crystal display unit has a problem in that, 
because of a distance betWeen an electrode formed Within 
the substrate and the re?ector formed on the outside of the 
substrate, a parallax is present in a display of the liquid 
crystal display unit. 

DISCLOSURE OF INVENTION 

A main object of the present invention is to provide a 
liquid crystal apparatus of a high contrast rates, Which 
improves parallax in the liquid crystal apparatus and gives a 
higher light absorption caused by a dichroic dye. 

In a preferred embodiment of the liquid crystal apparatus 
of the invention: 

a liquid crystal layer comprises a liquid crystal molecule, 
a polymer an a dichroic dye and held betWeen a pair of 
substrates; a re?ection layer is formed on one of the 
substrates on one of the substrates on the such having 
the liquid crystal layer formed thereon; and a retarda 
tion ?lm is formed on the re?ection layer. 

This con?guration makes it possible to obtain a light 
absorbing state by the dichroic dye upon non-application of 
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2 
voltage, and a light scattering state upon application of 
voltage. The retardation ?lm (% Wavelength layer) formed in 
the liquid crystal apparatus converts the light re?ected on the 
re?ector into a light having a polariZation component in a 
prescribed direction. The light is therefore absorbed by the 
dichroic dye contained in the liquid crystal layer through 
Which the light passes again. In addition, also upon appli 
cation of voltage, the light re?ected on the re?ector is 
converted into a light having a prescribed direction by the 
retardation ?lm, and scattered in the liquid crystal layer 
through Which it passes again. More speci?cally, the light 
can be scattered due to the difference in refractive index 
betWeen the liquid crystal molecule and the polymer. 

It is therefore possible to increase the extent of absorption 
in the light absorption state, and at the same time, to increase 
the degree of light scattering in the light scattering state. 
There is thus available a liquid crystal apparatus having an 
improved contrast. 

Under the effect of the con?guration in Which an electrode 
is formed on the retardation ?lm and another electrode is 
formed on the other substrate, there is available, upon 
non-application of voltage, the light absorption state of the 
liquid crystal apparatus by the arrangement of the liquid 
crystal molecule, the polymer and the dichroic dye in 
substantially the same direction. Upon application of 
voltage, the liquid crystal molecule and the dichroic dye are 
arranged in the electric ?eld direction, thus making it 
possible to obtain a light scattering state of the liquid crystal 
apparatus. 

In a preferred embodiment of the liquid crystal apparatus 
of the invention: 

a liquid crystal layer comprising a liquid crystal molecule, 
a polymer and a dichroic dye in held betWeen a pair of 
substrates; a re?ecting layer is formed on a substrate on 
the side having the liquid crystal layer formed thereon; 
a retardation ?lm is formed on the re?ecting layer; and 
an electrode is formed on the retardation ?lm. 

This con?guration makes it available a light absorption 
state by the dichroic dye upon non-application of voltage, 
and a light scattering state upon application of voltage. 

Further, arrangement of the retardation ?lm (% Wave 
length layer) permits conversion of the light re?ected on the 
re?ecting layer into a light having a prescribed polariZation 
component. Upon non-application of voltage, the light is 
absorbed by the dichroic dye, and upon application of 
voltage, it is possible to increase the contrast ratio betWeen 
voltage non-application and application states. 

The con?guration, in Which a pixel electrode is formed in 
a matrix shape on the retardation ?lm, and a sWitching 
element connected to the pixel electrode is formed, makes it 
available a liquid crystal apparatus of a clear image display 
because of the possibility of controlling the state of the 
liquid crystal for each picture element. 

It is possible to adopt a con?guration in Which an optical 
isotropic layer not producing an optical action is formed 
betWeen the retardation ?lm and the liquid crystal layer. It is 
also possible to obtain a liquid crystal apparatus capable of 
color display in a con?guration in Which a color ?lter 
comprising a plurality of color elements is formed on the 
other substrate at a position opposite to the pixel electrode. 
A color ?lter having red, blue and green color elements or 
a color ?lter having yelloW, magenta and cyan color ele 
ments may be used, and a clear image display is available. 

In a preferred embodiment of the liquid crystal apparatus 
of the invention: 

a liquid crystal layer comprising a liquid crystal molecule, 
a polymer and a dichroic dye is held betWeen a pair of 
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substrates; an electrode having a re?ecting property is 
formed on one of substrates on the side having the 
liquid crystal layer formed thereon; and a retardation 
?lm is formed on the electrode. 

In this con?guration, it is possible to form the electrode 
directly on the substrate, and to simplify the manufacturing 
process Without the necessity to separately form the re?ect 
ing ?lm and the electrode. Upon non-application of voltage, 
a light absorbing state is obtained from the dichroic dye, and 
upon application of voltage, there is available a light scat 
tering state. Further, by providing a retardation ?lm (% 
Wavelength layer), it is possible to convert the light re?ected 
on the re?ecting layer into a light having a prescribed 
polariZation component. Therefore, upon non-application of 
voltage, the light is absorbed by the dichroic dye, and upon 
application of voltage, the light is scattered, thus enabling to 
increase the contrast ratio betWeen non-application and 
application of voltage. 
By using a con?guration in Which the electrode comprises 

a plurality of pixel electrodes arranged in a matrix shape, 
and sWitching elements connected to the pixel electrodes are 
formed, it is possible to control voltage to be applied onto 
the liquid crystal for each picture element and to control the 
state of the liquid crystal layer for each picture element, thus 
permitting obtaining a liquid crystal apparatus displaying a 
high-quality image. It is also applicable as a light valve. 
By adopting a con?guration in Which a color ?lter com 

prising a plurality of color elements is formed on the other 
substrate, there is available a liquid crystal apparatus capable 
of performing color display. 

In a preferred embodiment of the liquid crystal apparatus 
of the invention: 

pixel electrodes formed into a matrix shape and sWitching 
elements connected to the pixel electrodes are formed 
on the substrate on the light incidence side; a re?ecting 
layer and a retardation ?lm are formed on the substrate 
opposite thereto; and the liquid crystal layer comprises 
a liquid crystal, a polymer and a dichroic dye. A highly 
accurate liquid crystal apparatus is available also With 
this con?guration. 

Since the present invention covers a re?ection type liquid 
crystal apparatus Which does not require use of a light source 
(knoWn as a back light), liquid crystal apparatus of a loW 
poWer consumption is available. Further, because this is a 
liquid crystal apparatus of a mode not requiring the use of a 
polariZation plate, a liquid crystal apparatus of a bright 
display is obtained. 
By mounting a liquid crystal apparatus having any of the 

foregoing con?gurations on an electronic equipment, it is 
possible to obtain an electronic equipment of a loW poWer 
consumption is available, and this is particularly useful for 
a portable electronic equipment. 

For example, it is possible to mount the liquid crystal 
apparatus as a light valve, and mount the same as a display 
unit of the invention onto the display section of a portable 
electronic equipment. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a longitudinal sectional vieW illustrating an 
embodiment of the liquid crystal apparatus of the present 
invention; 

FIG. 2(a) is a schematic vieW illustrating a liquid crystal 
layer in a non-application state of electric ?eld; 

FIG. 2(b) is a schematic vieW illustrating a liquid crystal 
layer in an application state of electric ?eld; 

FIG. 3 illustrates the state of a light When a light entering 
the liquid crystal apparatus passes through various compo 
nents thereof in a non-application state of electric ?eld; 
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4 
FIG. 4 illustrates the state of a light When a light entering 

the liquid crystal apparatus passes through various compo 
nents thereof in an application state of electric ?eld; 

FIG. 5 is a longitudinal sectional vieW illustrating the 
structure of a variant of the embodiment; 

FIG. 6 illustrates the structure in Which sWitching ele 
ments are arranged in the liquid crystal apparatus; 

FIG. 7 illustrates the structure of an electronic equipment 
using the liquid crystal apparatus as a light valve; and 

FIG. 8 illustrates the con?guration of another electronic 
equipment mounting the liquid crystal apparatus. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

To solve the foregoing problems, the liquid crystal appa 
ratus of the invention has the folloWing con?guration. 

First Embodiment 

The con?guration of the liquid crystal apparatus of the 
invention Will be described beloW With reference to FIG. 1. 
In this embodiment, application as a display unit, i.e., a 
liquid crystal display unit Will be described. 

The liquid crystal display unit comprises a liquid crystal 
layer (30) held betWeen a pair of substrates (10 and 20). A 
transparent electrode 21 comprising ITO is formed on a 
glass substrate 10 and an alignment ?lm 22 is formed on the 
electrode 21. 

The transparent electrode 21 formed on the inner surface 
of the substrate 20 is formed into a prescribed shape. A 
rubbing treatment is applied to the surface of the alignment 
?lm 22 formed on the electrode 21. 

The substrate 10 opposite to the substrate 20 comprises, 
on the other hand, a glass substrate, and a re?ecting layer 11 
is formed on the inner surface of the substrate. A 1A wave 
length layer 12 is formed on the re?ecting layer 11, and a 
transparent electrode 13 is formed on the 1A1 Wavelength 
layer. An alignment ?lm is formed on the electrode. The 
re?ecting layer formed on the inner surface of the substrate 
10 by sputtering of a metal such as aluminum or chromium. 

The foregoing 1A1 Wavelength layer 12 comprises a mate 
rial expressed, for example, by the folloWing chemical 
formula: 
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H 

The 1A1 Wavelength layer 12 is formed in compliance With 
the chemical formula 1 as follows. 

The process comprises the steps of forming a polyimide 
?lm on the re?ecting layer 11, subjecting this polyimide to 
a rubbing treatment, dropping a toluene solution (solid 
concentration: 19%, see the folloWing chemical formula 1) 
of a side-chain type liquid crystal polymer having a meth 
acryl chain , and forming a uniform ?lm thickness by spin 
coating at revolutions of 200 rpm, thereby obtaining a liquid 
crystal polymer having a thickness of about 6 pm. 
Thereafter, the formed ?lm is heated at 48 C. for three hours 
for heating orientation. 
ITO (indium-tin oxide) is formed by sputtering on the 

surface of the 1A1 Wavelength layer. An electrode 13 is formed 
by patterning the same into a prescribed shape. 
An alignment ?lm 14 formed on this electrode 13 is made 

of polyimide. 
An alignment ?lm 14 formed on the surface of the 

electrode 13 is made of polyimide. More particularly, poly 
imide Was coated and the resultant polyimide coat Was 
heated and set to form the alignment ?lm 14. The alignment 
?lm 14 has a rubbing-treated surface. The direction of 
rubbing applied to the alignment ?lm 14 Was at substantially 
45 to the rubbing direction for the aforesaid polyimide thin 
?lm (a polyimide thin ?lm for causing orientation of the 
foregoing 1A1 Wavelength layer 12). 
By arranging a pair of substrates to have the alignment 

?lm 14 and 22 face each other, a liquid crystal cell is formed. 
The pair of substrates are stuck to each other by a sealing 
agent. The substrates of this liquid crystal cell have a gap of 
about 5 pm there betWeen. The sealing agent is hardened by 
irradiating ultraviolet rays onto the thus ?Xed pair of 
substrates, and the pair of substrates are secured by the 
sealing agent. As described above, a seal is formed into a 
frame shape so as to surround a prescribed liquid crystal 
sealing region. An opening is provided on a portion of the 
sealing region. This opening serves as an injecting port of 
the liquid crystal. To keep a uniform gap of the substrate cell, 
a spacer may be provided betWeen the substrates, or a gap 
member may be provided in the sealing agent. 
A solution made by mutual dissolution of the liquid 

crystal and a polymer precursor (monomer) is injected 
through the aforesaid liquid crystal injecting port. 
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Thereafter, by irradiating ultraviolet rays onto the liquid 
crystal cell into Which the solution has been injected, the 
polymer precursor is polymeriZed, and the resultant polymer 
is precipitated into the solution. Thus, a liquid crystal/ 
polymer composite layer (liquid crystal layer) in Which the 
polymer is dispersed in the liquid crystal molecules is 
formed. 
The liquid crystal molecules in the proXimity of the 

substrates are arranged along the rubbing directions of the 
alignment ?lms 14 and 22. 

ZLI-3926 (product name; made by Merck Japan Ltd.) is 
used as the liquid crystal, and S-344 (product No.; made by 
Mitsui Toatsu.) Was employed as a dichroic dye miXed up 
With the liquid crystal. A black dichroic dye Was used in an 
amount of 2% relative to the quantity of the liquid crystal. 
The polymer is formed through optical polymeriZation of 

the polymer precursor as described above. Ester biphenol 
methacrylate Was used as the polymer precursor in this 
embodiment. Ester biphenolmethacrylate and the aforesaid 
liquid crystal (a material miXed With the dichroic dye) Were 
miXed at 100 C. in a ratio 15:85 to form the foregoing 
solution. This solution is injected into the liquid crystal 
sealing region in the liquid crystal cell. Subsequently, tem 
perature of the solution is sloWly cooled to the room 
temperature to cause orientation of the liquid crystal mol 
ecules and the polymer in the liquid crystal layer. 

After injecting the solution, as described above, ultra 
violet rays are irradiated onto the liquid crystal cell at the 
room temperature to cause precipitation of the polymer 
through photo-polymeriZation of the polymer precursor. As 
a result, the liquid crystal and the polymer (or polymer 
particles) are separated from each other to form a liquid 
crystal/polymer composite layer (liquid crystal layer) 30. 

While an ultraviolet-setting material is used as a polymer 
in this embodiment, a thermal polymeriZation material may 
also be employed. 
A liquid crystal layer in a state in Which the polymer 

particles are dispersed in the liquid crystal molecules is thus 
formed. The polymer particles and the liquid crystal mol 
ecules are arranged in substantially the same direction. 

FIG. 2 is a schematic vieW of the liquid crystal layer 30. 
FIG. 2(a) illustrates the state of non-application of volt 

age. As shoWn in FIG. 2(a), the liquid crystal molecule 31 



US 6,606,138 B2 
7 

and the dichroic dye 32 are arranged in substantially a 
parallel direction to the rubbing direction In other 
Words, the liquid crystal molecule and the dichroic dye are 
arranged in a direction substantially in parallel With the 
substrate surface. The polymer is also arranged in substan 
tially the same direction as the liquid crystal molecule. 

In such a state of non-application of voltage, the liquid 
crystal molecule 31 and the polymer particles 33 are ori 
ented in the same direction. Since the liquid crystal molecule 
31 and the polymer particles 33 present substantially the 
same refractive index relative to the incident light, the liquid 
crystal layer in a state With almost no difference in refractive 
index betWeen the liquid crystal molecule and the polymer. 
Therefore, under the effect of the dichroic dye oriented in 
almost the same direction as the liquid crystal molecule, the 
polariZation component having an electric ?eld oscillating 
direction in parallel With the molecule axis of the pigment of 
the incident light is absorbed by the dichroic dye, and the 
liquid crystal layer becomes in a light absorbing state. 

FIG. 2(b) illustrates, on the other hand, Whether or not 
voltage is applied betWeen the electrodes 13 and 21. As 
shoWn in FIG. 2(b), the liquid crystal molecule 31 and the 
dichroic dye 32 are oriented in the ?eld direction E. That is, 
the liquid crystal molecule and the dichroic dye are oriented 
in a direction at right angles to the substrate surface. In this 
case, the refractive index relative to the incident light is 
different from that of the polymer particles 33 since the 
liquid crystal molecule 31 has a refractive index anisotropy. 
Under the effect of the difference in refractive index betWeen 
the liquid crystal molecule and the polymer, the incident 
light having entered the liquid crystal layer is scattered in the 
liquid crystal layer. This is called the light scattering state. 

The state of the liquid crystal layer upon non-application 
of voltage and the state thereof upon application of voltage 
Will noW be described further in detail. 

FIG. 3 illustrates the state of the liquid crystal apparatus 
upon non-application of voltage. 

Alight entering from the substrate 20 side is absorbed by 
the dichroic dye 32 dispersed in the liquid crystal layer 30. 
More speci?cally, the polariZation component having an 
oscillating direction in parallel With the molecular axis of the 
dichroic dye of the incident light is absorbed by the dichroic 
dye. The light having passed through the liquid crystal layer 
converted into a substantially circular polariZation state as 
shoWn in FIG. 3 While passing through the 1A1 Wavelength 
layer 12, and thereafter, is converted through re?ection by 
the re?ecting layer 11 into a circular polariZation light 
rotating in the reverse direction. 

The light re?ected on the re?ecting layer enters again the 
1A1 Wavelength layer 12 and is converted into a light having 
a linear polariZation component as shoWn in FIG. 3 by the 
1A1 Wavelength layer 12. This linear polariZation has a polar 
iZation component in a direction at right angles to the light 
polariZation betWeen the foregoing liquid crystal layer and 
the 1A1 Wavelength layer. The light having the polariZation 
component is absorbed by the dichroic dye 32 in the liquid 
crystal layer 30 it passes through again. 

In the non-application state of electric ?eld, therefore, the 
light having a component in the same direction as that of the 
absorption axis of the dichroic dye of the light having 
entered from the substrate 20 side, and the light re?ected on 
the re?ecting layer are thus absorbed by the dichroic dye. In 
other Words, the polariZation component in the same direc 
tion as the light absorption axis of the dichroic dye is 
absorbed by the dichroic dye in the forWard path upon 
incidence of the external light into the liquid crystal layer 30 
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8 
as Well as in the return path upon incidence of the light 
re?ected on the re?ecting layer into the liquid crystal layer 
through the 1A1 Wavelength layer. Display upon non 
application of voltage is therefore in the light absorbing state 
in Which the light is absorbed by the dichroic dye. 

Then, upon application of electric ?eld, the liquid crystal 
molecule is arranged in the electric ?eld direction. Similarly, 
the dichroic dye is also arranged in the electric ?eld direc 
tion. This state is illustrated in FIG. 4. 
By applying a prescribed voltage to the liquid crystal 

layer, the liquid crystal molecule and the dichroic dye are 
arranged in the electric ?eld direction. There occurs conse 
quently a difference in refractive index betWeen the liquid 
crystal molecule and the polymer particles. In this state, the 
external light (for example, natural light) entering the liquid 
crystal layer 30 is scattered under the effect of the difference 
in refractive index betWeen the liquid crystal molecule 31 
and the polymer particles 33, and only a part of the light 
passes through the liquid crystal layer, and the part of the 
light having passed through the liquid crystal layer is 
converted into a circular polariZation by the 1A1 Wavelength 
layer 12. 

This circular polariZation is re?ected on the re?ecting 
layer 11 and converted into a circular polariZation rotating in 
the reverse direction as shoWn in FIG. 4. The re?ected light 
passes again through the 1A1 Wavelength layer 12, and is 
converted into a prescribed state of polariZation 
(polarization state in a direction substantially at right angles 
to the light having passed through the liquid crystal layer) by 
the 1A1 Wavelength layer. The thus converted light is scattered 
While passing again through the liquid crystal layer 30. 

There is at this point conceivable a case Where the 
polariZation component having an oscillating direction in 
parallel With the orientation of the polymer particles, and the 
polariZation component having an oscillating direction at 
right angles to the polymer particles have a similar scattering 
ef?ciency or a similar transmissivity. Even When the scat 
tering ef?ciency is different betWeen the tWo polariZation 
components, they are mutually converted by the 1A wave 
length layer 12 and the re?ecting layer 11 in forWard and 
return paths, thus permitting efficient scattering. 

In this embodiment, as described above, light absorption 
can ef?ciently be accomplished for a light irrespective of the 
direction of polariZation by adjusting the light absorbing 
axis of the dichroic dye by means of the re?ecting layer 11 
and the 1A1 Wavelength layer 12 upon non-application of 
electric ?eld, thereby making it possible to display black 
more strongly than in conventional art. 
Upon application of electric ?eld also, light scattering 

ef?ciency can be improved by converting the direction of 
polariZation by means of the re?ecting layer 11 and the 1A1 
Wavelength layer 12. 
When using the liquid crystal apparatus of the invention 

as a liquid crystal display unit, therefore, it is possible to 
display black more strongly upon non-application of voltage 
to the liquid crystal display unit, and perform light scattering 
to a larger extent upon application of voltage, thus permit 
ting achievement of a far higher degree of contrast of the 
liquid crystal display unit than in the conventional art. 

Because the 1A1 Wavelength layer is formed on the re?ect 
ing layer, there is available a liquid crystal display unit free 
from a parallax. 

Further, in this embodiment, it is possible to conduct color 
display by arranging a color ?lter on the inner surface of the 
substrate 20 on the light incidence side. 

In this embodiment, the 1A1 Wavelength layer has been 
made of the foregoing material. Any of various transparent 
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resin coats and transparent inorganic thin ?lm is also appli 
cable as a 1A Wavelength layer 12. 

For example, one containing an oriented polymer com 
pound exhibiting thermotropic liquid crystal property, one 
containing an oriented liquid crystal monomer set by irra 
diating ultraviolet rays, or one having an inorganic trans 
parent oxide ?lm (such as Ta2O5) deposited by oblique 
vapor deposition on the re?ecting ?lm may be employed. 
As a 1A Wavelength layer 12, a light-oriented polymer 

layer by polariZed ultraviolet rays as disclosed in Jpn. J. 
Appl. Phys. Vol. 34 (1995), p. 3240 may be used. 

The material for the 1A1 Wavelength layer formed on the 
re?ecting layer 11 is expressed by the folloWing chemical 
formula: 

n 

An oriented ?rst liquid crystal polymer ?lm is available 
by dropping a polymer pyrrolidone solution (solid concen 
tration: 5%) having a polyvinyl chain With a cyanobiphenyl 
side chain, coating the same uniformly by spin coating at 
revolutions of 2,000 rpm, and irradiating polariZed ultravio 
let rays thereto. 

Liquid crystalline diacrylate expressed by the folloWing 
chemical formula 3: 

CH2: CHCOO CnH2n—- 0Q COO 

is coated on the aforesaid ?rst liquid crystal polymer ?lm. 
By irradiating ultraviolet rays onto this ?lm for 
polymeriZation, there is available a second polymer layer 
governed by the orientation of the ?rst polymer ?lm. The 
second polymer layer has a thickness of about 1 pm, and 
serves as a 1A Wavelength layer. 

The transparent electrode 13 is formed on this 1A Wave 
length layer and patterned into a prescribed shape. Another 
light oriented polymer layer is formed on the transparent 
electrode by means of the side-chain type liquid crystal 
polymer used for forming the foregoing ?rst oriented layer. 
At this point, a polariZation irradiating direction is selected 
so that the orientation direction of the liquid crystal mol 
ecule forms an angle of about 45 relative to the orientation 
direction of the 1A1 Wavelength layer 12. 

This is achievable also by attaching a sheet-shaped com 
posite body formed by arranging the above-mentioned 1A1 
Wavelength layer 12 on the re?ecting layer 11 to the inner 
surface of the transparent substrate. A multi-layer sheet 
laminating a transparent resin sheet, a re?ecting layer, and a 
1A Wavelength layer may be used in place of the transparent 
substrate. 

In this embodiment, it is possible to improve black display 
upon non-application of voltage in the polymer dispersion 
type liquid crystal display unit, and to improve contrast. In 
the polymer dispersion type liquid crystal unit of this 
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10 
embodiment performing display in the scattering mode With 
the liquid crystal layer comprising the dichroic dye and the 
1A1 Wavelength layer, the 1A1 Wavelength layer and the re?ect 
ing layer are adjacent to the liquid crystal layer, and are 
arranged in the substrate. As display is accomplished by 
means of a light scattering state and a light absorbing state, 
an effect of inhibiting the decrease in the grade of display 
caused by parallax is available. 

Second Embodiment 

FIG. 5 illustrates a variant of the foregoing embodiment 
Which has a con?guration in Which the re?ecting layer 11 
and the transparent electrode 13 in the above embodiment 
are integrated. That is, a re?ective electrode 15 made of a 
re?ection property such as aluminum and chromium is 
formed on the substrate. 

In this embodiment, the manufacturing process and the 
cell structure can be simpli?ed although basic operations are 
the same as in the preceding embodiment. 

In this embodiment, any of various liquid crystal mol 
ecule composite layers may be used as a liquid crystal layer 
30. In other Words, any of various liquid crystals having a 
speci?c orientation relative to electric ?eld and refractive 
index anisotropy may be employed as a liquid crystal. 
The structure of the liquid crystal molecule should pref 

erably be similar to that of the polymer precursor, so that the 
polymer precipitated in the liquid crystal molecule has a 
refractive index almost equal to that of the liquid crystal 
molecule. By using a material having a similar structure, the 
liquid crystal molecules are arranged in substantially the 
same direction as the polymer, and can have almost the same 
refractive index as that of the polymer. Upon non 

application of electric ?eld (light absorbing state), therefore, 
it is possible to minimiZe light scattering caused by a slight 
shift of arrangement betWeen the liquid crystal molecule and 
the polymer. It is also possible to accomplish absorption by 
the dichroic dye more effectively. 

This is also the case With conditions for the polymer. The 
polymer particles must be arranged in the same direction as 
the liquid crystal molecule. The polymer should have sub 
stantially the same refractive index as that of the liquid 
crystal. 
As a material for achieving such a con?guration, for 

example, a material having a structure in Which a polymer 
main chain has a side chain having a biphenyl skeleton may 
be used in the present invention. Among materials having a 
side chain With a biphenyl skeleton, thermoplastic polymers, 
thermosetting polymers, and photo-setting polymers pro 
vided With photo-setting property relative to ultraviolet rays 
and the like are particularly useful. 
When forming a composite layer, in Which polymer and 

liquid crystal are separated from each other, by dissolving 
the polymer precursor and the liquid crystal and then poly 
meriZing the thus prepared solution, applicable polymer 
precursors include ester methacrylate or ester acrylate of 
biphenylmethanol and terphenylmethanol, and derivatives 
of these compounds. It is also possible to use a material 
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prepared by mixing these ester methacrylate derivatives or 
ester acrylate derivatives of biphenyl or terphenylmethanol 
With these esters. 

A polymer precursor of Which the polymer is oriented in 
the same direction as the liquid crystal molecule upon 
non-application of electric ?eld must be employed. Effective 
light scattering cannot be achieved unless the polymer 
particle siZe is Within a range of from 0.1 to 10 pm. It is 
therefore necessary to separate the liquid crystal molecule 
from the polymer in accordance With these conditions. 

To accomplish separation under these conditions, it is 
very important to adjust the manufacturing speed. In the 
liquid crystal apparatus, the degree of light absorption/light 
scattering represents the contrast ratio of the liquid crystal 
apparatus. The conditions should therefore be set so that the 
liquid crystal molecule and the polymer are arranged sub 
stantially in the same direction. 

The optimum content of liquid crystal in the liquid 
crystal/polymer composite layer (liquid crystal layer) is 
Within a range of from 50 to 97 Wt. % of the entire liquid 
crystal layer for obtaining light scattering state. With a liquid 
crystal content of under this level, response to electric ?eld 
becomes more dif?cult, making it impossible to obtain a 
light scattering state, thus leading to a loWer contrast in the 
liquid crystal apparatus. A liquid crystal content of over 97 
Wt. %, on the other hand, leads to a larger content of polymer 
and a higher content of liquid crystal molecule on the 
contrary, resulting in a loWer degree of light scattering. A 
liquid crystal apparatus having an optimum contrast ratio is 
therefore available by setting the liquid crystal content 
Within this range. 

In this embodiment also, color display is available by 
arranging a color ?lter on the substrate on the light incidence 
side. By providing a layer having an optical isotropy 
betWeen the 1A1 Wavelength layer and the liquid crystal layer, 
orientation of the liquid crystal layer is stabiliZed. 
As in the foregoing ?rst and second embodiments, a 

display free from parallaX is achievable by forming a 1A 
Wavelength layer on the re?ecting layer, this in turn resulting 
in a liquid crystal apparatus giving improved contrast 
betWeen display in the light absorbing side and that in the 
light scattering state. Because of the absence of the necessity 
of a polariZing plate, furthermore, it is possible to achieve a 
liquid crystal apparatus capable of giving a bright display. 

In the ?rst and second embodiments, as shoWn in FIG. 2, 
for eXample, the description has been based on a con?gu 
ration in Which the liquid crystal molecules Were oriented in 
parallel. In the subsequent embodiments of the invention as 
Well, a liquid crystal apparatus in Which liquid crystal 
molecules are arranged in parallel may be employed. 
A liquid crystal apparatus With the liquid crystal mol 

ecules in a tWisted state is also applicable. In this case, the 
tWist angle of the liquid crystal molecule and n of liquid 
crystal must be set so that the polariZation direction of the 
light entering from the re?ecting layer side via the retarda 
tion ?lm (% Wavelength layer) is absorbed by the dichroic 
dye in the liquid crystal layer. 

Third Embodiment 

In the third embodiment of the invention, a sWitching 
element is provided on the substrate 10. FIG. 6 illustrates the 
con?guration thereof. 

Are?ecting layer 11 is formed on the substrate 10, and a 
1A Wavelength layer (12) is formed on the re?ecting layer. A 
piXel electrode (31) formed into a matriX shape is formed on 
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the 1A1 Wavelength layer. A sWitching element (32) is formed 
in connection With this pixel electrode. Applicable sWitching 
elements include a TFT and an MIM. In the present 
embodiment, an MIM (32) is used as the sWitching element 
(see FIG. 6). 
An orientation ?lm for causing orientation of the liquid 

crystal molecules is provided on the sWitch element and the 
piXel electrode. AknoWn material is used for the orientation 
?lm. The orientation ?lm is rubbing-treated. 
A substrate 20 facing the substrate 10 has the folloWing 

con?guration. 
When the sWitching element formed on the substrate 10 is 

an MIM, a stripe-shaped electrode 34 is formed on the 
surface of the substrate 20, the stripes being called scanning 
lines in general. The electrode 34 is formed in alignment 
With the arrangement of the piXel electrodes formed on the 
substrate 10. That is, the electrode 34 is formed in a direction 
at right angles to the direction of data lines (33) of the MIM 
element formed on the substrate 10. 

When a TFT is formed on the substrate 10, the electrode 
on the substrate 20 is formed over the entire surface of the 
substrate. The electrode formed on the substrate 20 is 
transparent and is made of an ITO or the like. 

When a TFT is formed on the substrate 10, the con?gu 
ration of the sWitching element (TFT) must be modi?ed so 
as to prevent the light from entering the sWitching element. 
Entrance of light may be prevented also by forming a black 
mask on the sWitching element. The black mask is formed on 
the sWitching element formed on the opposite substrate 10. 
The black mask may be provided at a position Where it 
overlaps With the sWitching element of the opposite sub 
strate 20. More preferably, a black mask should be formed 
so as to include the sWitching element. 

In the present embodiment, the sWitching element is 
connected to each picture element, thus permitting control of 
orientation of the liquid crystal molecules in the liquid 
crystal layer for each picture element. A liquid crystal 
apparatus capable of giving a high-precision display is thus 
available. 

Since the liquid crystal apparatus of the invention does 
not require a polariZing plate, there is achievable a liquid 
crystal apparatus giving a clear display. 

Also in this embodiment, as Well as in the subsequent 
embodiments, it is possible to perform color display by 
providing a color ?lter on the substrate on one side. 

Fourth Embodiment 

The fourth embodiment of the invention has a con?gu 
ration built by improving the con?guration of the third 
embodiment. More speci?cally, a re?ecting layer and a piXel 
electrode formed on the substrate are integrated into one, 
Which arranged on the substrate as a re?ecting electrode. 
The con?guration Will be described beloW. The con?gura 
tion of a liquid crystal layer and that of a substrate 20 being 
the same as in the preceding embodiments, description is 
omitted here. 

AmatriX-shaped piXel electrode (serving also as a re?ect 
ing electrode) is formed on the substrate 10. The piXel 
electrode is made of a material having a re?ecting property 
such as aluminum and chromium. A sWitching element is 
connected to each pixel electrode, and voltage applied to the 
liquid crystal is controlled by the sWitching elements. ATFT 
or an MIM is used for the sWitching element as in the third 
embodiment. 
The piXel electrode should preferably has a con?guration 

in Which the electrode has surface irregularities. In the case 
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of a re?ecting ?lm forming a perfect mirror surface, an 
object facing the liquid crystal apparatus Would be re?ected 
onto the mirror surface. By forming a plurality of protuber 
ances and projections per unit picture element, it is possible 
to prevent an unexpected image of a person from being 
re?ected. This hoWever relates to a case Where the liquid 
crystal apparatus is used as a display unit. In the case of a 
projector described later, it may be preferable to use a 
re?ecting ?lm having a mirror surface. 
A 1A1 Wavelength plate is provided on the sWitching 

element and the pixel electrode, and an orientation ?lm is 
formed on this 1A Wavelength plate. To ensure ?atness of the 
surface on the liquid crystal layer side, a ?lm having an 
optical isotropy may be arranged on the substrate having the 
sWitching element and the pixel electrode formed thereon. In 
this case, a 1A Wavelength layer is formed on the isotropic 
?lm in this con?guration. A ?lm having an optical isotropy 
may be formed on the 1A1 Wavelength layer. This is to ?atten 
the surface to come into contact With the liquid crystal layer. 

In this embodiment, it is not necessary to separately form 
the re?ecting electrode and the pixel electrode as in the third 
embodiment, because the pixel electrode is made of a 
material having a re?ecting property, thus enabling to reduce 
the manufacturing process. Since the 1A1 Wavelength layer 
serving also as a retardation ?lm is provided on the pixel 
electrode, a liquid crystal apparatus free from parallax is 
available. 

In this embodiment, it is possible to form a sWitching 
element on a semiconductor substrate by the utiliZation of 
the semiconductor technology, and adopt a con?guration in 
Which the pixel electrode is formed on the sWitching ele 
ment. Since the pixel electrode is formed by the use of the 
semiconductor technology, more picture elements can be 
formed and each picture element can be made at a higher 
precision. When applying the liquid crystal apparatus for a 
projector described later, the liquid crystal apparatus ca be 
used as a liquid crystal light valve. By the utiliZation of the 
semiconductor technology, it is possible to reduce the panel 
siZe of the liquid crystal light valve, project a highly precise 
image, and doWnsiZe the projector. 

Further, because it is not necessary to provide a black 
mask on the sWitching element, there is no lattice caused by 
the black mask, and there is available a display free from a 
decrease in contrast usually caused by the black mask. 

Moreover, it is possible to perform color display by 
arranging a color ?lter on the substrate 20. 

Fifth Embodiment 

This embodiment of the invention has a con?guration in 
Which a sWitching element is formed on the substrate on the 
light incidence side. The con?guration Will be described 
beloW. 
A pixel electrode in a matrix shape is provided on the 

inner surface of the substrate 20 on a light incidence side. 
This pixel electrode is made of a transparent material, and 
can be made, for example, of ITO. A sWitching element is 
connected to each of the pixel electrodes. As described 
above, the sWitching a TFT or an MIM can be used for the 
sWitching element. 
AknoWn orientation ?lm is formed on the pixel electrode 

and the sWitching element, and the surface of the orientation 
?lm is rubbing-treated so as ensure orientation of the liquid 
crystal molecules and the polymer particles in a prescribed 
direction. 

The substrate having a re?ecting layer formed thereon 
has, on the other hand, the same con?guration as in the ?rst 
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and second embodiment. That is, a re?ecting layer 11 is 
formed on the substrate 10. The re?ecting layer is formed 
over the entire surface of the substrate. There is no problem 
only if the re?ecting layer is formed at least on the portion 
corresponding to the display region formed by the pixel 
electrode. A 1A1 Wavelength layer 12 is formed on this 
re?ecting layer, and a transparent electrode 13 (for example, 
ITO) is formed over the entire surface of the 1A1 Wavelength 
layer. An orientation ?lm 14 is formed on the electrode. As 
in the orientation ?lm formed on the substrate 20, this 
orientation ?lm is rubbing-treated as Well so as to control 
orientation of the liquid crystal layer (liquid crystal 
molecule, dichroic dye and polymer). When the sWitching 
element comprises an MIM, the transparent electrode is 
patterned into a prescribed shape. 

This sWitching element controls the direction of orienta 
tion of the liquid crystal and the dichroic dye in the liquid 
crystal layer, and the light absorbing state and the light 
scattering state. A light shielding ?lm is formed, correspond 
ing to the region having the sWitching element formed 
therein, on the substrate 20 so as to prevent an erroneous 
operation of the sWitching element Which may be caused by 
the entrance of as light. 

As in the foregoing second embodiment, the re?ecting 
layer 11 and the transparent electrode 13 may be integrated 
into one on the substrate 10 (see FIG. 5). In this case, the 
electrode formed on the substrate is made of a material 
having the re?ecting property, such as aluminum and chro 
mium. The 1A1 Wavelength layer is formed on the electrode, 
and the orientation ?lm is formed on the 1.4 Wavelength 
?lm. 

Sixth Embodiment 

In this sixth embodiment of the invention, an example in 
Which the liquid crystal apparatus of any of the ?rst to ?fth 
embodiments is mounted on an electronic equipment Will be 
described. 

FIG. 7 is a schematic plan vieW illustrating important 
parts of a projector (projector type display unit) using the 
re?ection type liquid crystal apparatus of the ?rst to ?fth 
embodiments as a light valve. 

FIG. 7 is a sectional vieW on the XZ plane passing through 
the center of an optical element 130. The projector in this 
example comprises a light source section 110 arranged along 
the system optical axis L, an integrator lens 120, a polariZing 
illuminator 100 substantially comprising a polariZation con 
verting element 130, polariZation beam splitter 200 Which 
causes an S-polariZation luminous ?ux re?ecting surface 
201 to re?ect an S-polariZation luminous ?ux emitted from 
the polariZing illuminator 100, a dichroic mirror 412 Which 
separates the blue color light (B) from the light re?ected 
from the S-polariZation re?ecting surface 201 of the polar 
iZation beam splitter, a re?ection type liquid crystal light 
valve 300B Which modulates the separated blue color light 
(B), a dichroic mirror 413 Which causes re?ection and 
separation of the red color light (R) component of the 
luminous ?ux separated from the blue color light, a re?ec 
tion type liquid crystal light valve 300R Which modulates 
the thus separated red color light (R), a re?ection type liquid 
crystal light valve 300G Which modulates the remaining 
green color light (G) passing through the dichroic mirror 
413, and a projecting optical system 500 comprising a 
projecting lens, Which synthesiZes the beams of light modu 
lated as the three re?ection type liquid crystal light valves 
300R, 300G and 300B in the dichroic mirror 412 and 413 
and the polariZation beam splitter 200 and projects the 
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synthesized light onto a screen 600. Above-mentioned 
respective liquid crystal panels (liquid crystal apparatuses) 
are used for the three re?ection type liquid crystal light 
valves 300R, 300G and 300B. 
A random polariZation luminous ?ux emitted from the 

light source section 110 is divided by an integrator lens 120 
into a plurality of intermediate ?uxes, converted into a single 
polariZation luminous ?ux (S-polariZation luminous ?ux) 
having almost equal polariZation directions by the polariZa 
tion converter element 130 having a second integrator lens 
on the light incidence side, and arrives at the polariZation 
beam splitter 200. The S-polariZation luminous ?ux emitted 
from the polariZation converter element 130 is re?ected on 
the S-polariZation luminous ?ux re?ecting surface 201 of the 
polariZation beam splitter 200. Of the re?ected luminous 
?ux, the blue color light (B) ?ux is re?ected on the blue light 
re?ecting layer of the dichroic mirror 412, and modulated by 
the re?ection type liquid crystal light valve 300B. Of the 
luminous ?ux having passed through the blue light re?ecting 
layer of the dichroic mirror 411, the red light (R) ?ux is 
re?ected on the red light re?ecting layer of the dichroic 
mirror 413, and modulated by the re?ection type liquid 
crystal light valve 300R. 

The green light (G) ?ux having passed through the red 
light re?ecting layer of the dichroic mirror 413 is modulated 
by the re?ection type liquid crystal light valve 300G. 

In this embodiment, a liquid crystal panel using a semi 
conductor substrate as described in the fourth embodiment 
should preferably be adopted, as compared With an active 
matrix type liquid crystal panel forming a TFT array on a 
glass substrate, as a re?ection type liquid crystal panel (the 
liquid crystal apparatus in the preceding embodiment is 
adopted). 
More speci?cally, according to the con?guration shoWn in 

the fourth embodiment, picture elements are formed by the 
use of the semiconductor technology. It is therefore possible 
to form more picture elements and doWnsiZe the panel. This 
results in effects of projecting a highly precise image and 
reduce the siZe of the projector. 

Seventh Embodiment 

NoW, FIG. 8 is an exterior vieW of examples of electronic 
equipment using the re?ection type liquid crystal display 
unit shoWn in the preceding embodiment. In these electronic 
devices, the liquid crystal apparatus is used, not as a light 
valve used together With a polariZation beam splitter, but as 
a direct-vision re?ection type liquid crystal display unit 
(liquid crystal panel). The re?ecting electrode is not there 
fore required to be a perfect mirror surface, but in order to 
Widen the visual ?eld angle, it is desirable to provide 
appropriate recesses and projections. All the other require 
ments are basically the same as in the case of light valve. 

FIG. 8(a) is a perspective vieW illustrating a portable 
telephone set. In FIG. 8(a), 1000 is a portable telephone set 
main body, and 1001 is a display section using the re?ection 
type liquid crystal display unit (liquid crystal panel) of the 
invention. Because the liquid crystal apparatus of the inven 
tion is of the re?ection type, it is not necessary to use a back 
light. Since a member of a large poWer consumption such as 
the back light is not used, a liquid crystal apparatus of a loW 
poWer consumption is therefore available. In other Words, by 
mounting the liquid crystal apparatus of such a loW poWer 
consumption as a display unit on the display section of a 
portable telephone set, it is not necessary to use a larger 
capacity of a battery mounted on the portable telephone set. 

FIG. 8(b) illustrates a Watch type electronic device: 1100 
is a perspective vieW of a Watch main body, and 1101 is a 

16 
display section using the re?ection type liquid crystal appa 
ratus (liquid crystal panel) of the invention. 

Because this liquid crystal apparatus has high-precision 
picture elements as compared With a conventional Watch 

5 display section, it is possible to permit TV image display, 
thus enabling to achieve a Watch type TV. 

FIG. 8(c) illustrates a portable type information processor 
such as a Word processor or a personal computer: 1200 is an 
information processor; 1202 is an input section such as a 
keyboard; 1206 is a display unit using the re?ection type 
liquid crystal apparatus of the invention; and 1204 is an 
information processor main body. As the input section 1202, 
a touch panel may be adopted by arranging a display unit 
and touch keys. 

15 . . . . 

As each of these electronic devices is driven by a battery, 
the service life of the battery can be extended by using the 
re?ection type liquid crystal apparatus not having a light 
source lamp. Because peripheral circuits can be built in the 
panel substrate, it is possible to large reduce the number of 
parts, leading to a lighter and smaller device. 
What is claimed is: 
1. A liquid crystal apparatus comprising: 

20 

a liquid crystal layer including a liquid crystal molecule 
With a ?rst refractive index, a polymer With a second 
refractive index and a dichroic dye, said liquid crystal 
layer being held betWeen a pair of substrates; and 

25 

a re?ecting layer With a mirror surface formed over one of 
said substrates on an inboard side having the liquid 

30 crystal layer formed thereon; 
a 1A Wavelength layer formed over the re?ective layer, the 

1A1 Wavelength layer converting an incident light 
re?ected at the re?ecting layer to a light having a 
predetermined polariZation component, Wherein said 
?rst and second refractive indexes are substantially the 
same upon voltage non-application and are different 
upon voltage application; 

35 

an electrode formed over the 1A1 Wavelength layer; 

Wherein, upon voltage non-application: 
said liquid crystal molecule, said dichroic dye and said 

polymer are arranged in a same direction different 
from a direction of the electric ?eld to be applied; 

said liquid crystal layer not scattering the incident light 
or the light having the predetermined polariZation 
component; and 

said dichroic dye absorbing the incident light and the 
light having the predetermined polariZation compo 
nent; and 

Wherein, upon voltage application: 
only said liquid crystal molecule and said dichroic dye 

are selectively arranged in the electric ?eld direction; 
said liquid crystal layer scattering said incident light 

and said light having the predetermined polariZation 
55 component. 

2. Aliquid crystal apparatus according to claim 1, Wherein 
another electrode is formed on the other substrate. 

3. A liquid crystal apparatus according to claim 1, 
Wherein: 
upon non-application of voltage, said liquid crystal 

molecule, said polymer and said dichroic dye are 
arranged in substantially the same direction, and said 
liquid crystal apparatus in a light absorbing state; and 

upon application of voltage, said liquid crystal molecule 
and said dichroic dye are arranged in an electric ?eld 
direction, and said liquid crystal apparatus is in a light 
scattering state. 

40 
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4. The liquid crystal apparatus of claim 1 wherein the 1A1 
Wavelength layer further comprises a light-oriented polymer 
layer. 

5. The liquid crystal apparatus of claim 1 Wherein the 1A1 
Wavelength layer further comprises one of a ?rst layer 
containing an oriented polymer compound exhibiting a 
thermotropic liquid crystal property, a second layer contain 
ing an oriented liquid crystal monomer set by ultraviolet 
irradiation, and a third layer having an inorganic transparent 
oxide ?lm deposited by oblique vapor deposition. 

6. A liquid crystal apparatus comprising: 
a liquid crystal layer including a liquid crystal molecule 

With a ?rst refractive index, a polymer With a second 
refractive index and a dichroic dye, said liquid crystal 
layer being held betWeen a pair of substrates; and 

a re?ecting layer With a mirror surface formed over one of 
said substrates on an inboard side having the liquid 
crystal layer formed thereon; 

a 1A Wavelength layer formed over the re?ecting layer, the 
1A1 Wavelength layer converting an incident light 
re?ected at the re?ecting layer to a light having a 
predetermined polariZation component; 

an electrode formed over said 1A Wavelength layer, 
Wherein said ?rst and second refractive indexes are 
substantially the same upon voltage non-application 
and are different upon voltage application; 

Wherein, upon voltage non-application: 
said liquid crystal molecule, said dichroic dye and said 

polymer are arranged in a same direction different 
from a direction of the electric ?eld to be applied; 

said liquid crystal layer not scattering the incident light 
or the light having the predetermined polariZation 
component; and 

said dichroic dye absorbing the incident light and the 
light having the predetermined polariZation compo 
nent; and 

Wherein, upon voltage application: 
only said liquid crystal molecule and said dichroic dye 

are selectively arranged in the electric ?eld direction; 
said liquid crystal layer scattering said incident light 

and said light having the predetermined polariZation 
component. 

7. Aliquid crystal apparatus according to claim 6, Wherein 
a pixel electrode formed in a matrix shape and a sWitching 
element connected to said pixel electrode are formed on said 
retardation ?lm. 

8. Aliquid crystal apparatus according to claim 6, Wherein 
an optical isotropic layer not exerting an optical action is 
formed betWeen said retardation ?lm and said liquid crystal 
layer. 

9. Aliquid crystal apparatus according to claim 6, Wherein 
a color ?lter comprising a plurality of color elements is 
formed on said other substrate at a position opposite to said 
pixel electrode. 

10. A liquid crystal apparatus comprising: 
a liquid crystal layer including a liquid crystal molecule, 

a polymer and a dichroic dye, said liquid crystal layer 
being held betWeen a pair of substrates; 

an electrode having a mirror surface formed over one of 
said substrates on an inboard side having the liquid 
crystal layer formed thereon; and 

a retardation ?lm formed over said electrode, Wherein said 
liquid crystal layer does not cause scattering upon 
voltage non-application, and causes scattering upon 
voltage application, 

Wherein upon voltage non-application said liquid crystal 
molecule, said dichroic dye and said polymer are 

18 
arranged in a same direction different from a direction 
of the electric ?eld to be applied; and 

Wherein upon voltage application only said liquid crystal 
molecule and said dichroic are selectively arranged in 

5 the electric ?eld direction. 
11. A liquid crystal apparatus according to claim 10, 

Wherein: 
said electrode comprises a plurality of pixel electrode 

arranged in a matrix shape, and a sWitching element is 
formed in connection With said pixel electrodes. 

12. A liquid crystal apparatus according to claim 10, 
Wherein: 

said other substrate has a color ?lter comprising a plu 
rality of color, elements formed thereon. 

13. A liquid crystal apparatus comprising: 
a light incident side substrate having a pixel electrode 

formed in a matrix shape and a sWitching element 
connected to said pixel electrode; 

an opposite substrate having a re?ecting layer With a 
mirror surface formed on an inboard side having the 
liquid crystal layer formed thereon; 

a 1A Wavelength layer formed over the re?ecting layer, the 
1A1 Wavelength layer converting an incident light 
re?ected at the re?ecting layer to a light having a 
predetermined polariZation component; 

an electrode formed over the 1A1 Wavelength layer; 

a liquid crystal layer disposed betWeen said substrates; 
and 

said liquid crystal layer comprising a liquid crystal mol 
ecule With a ?rst refractive index, a polymer With a 
second refractive index, and a dichroic dye, Wherein 
said ?rst and second refractive indexes are substantially 
the same upon voltage non-application and are different 
upon voltage application; 

Wherein, upon voltage non-application: 
said liquid crystal molecule, said dichroic dye and said 

polymer are arranged in a same direction different 
from a direction of the electric ?eld to be applied; 

said liquid crystal layer not scattering the incident light 
or the light having the predetermined polariZation 
component; and 

said dichroic dye absorbing the incident light and the 
light having the predetermined polariZation compo 
nent; and 

Wherein, upon voltage application: 
only said liquid crystal molecule and said dichroic dye 

are selectively arranged in the electric ?eld direction; 
said liquid crystal layer scattering said incident light 

and said light having the predetermined polariZation 
component. 

14. An electronic device including a light valve compris 
ing: 

a light incident side substrate having a pixel electrode 
formed in a matrix shape and a sWitching element 
connected to said pixel electrode; 

an opposite substrate having a re?ecting layer With a 
mirror surface formed on an inboard side having the 
liquid crystal layer formed thereon; 

a 1A Wavelength layer formed over the re?ecting layer, the 
1A1 Wavelength layer converting an incident light 
re?ected at the re?ecting layer to a light having a 
predetermined polariZation component; 

an electrode formed over the 1A1 Wavelength layer; 
a liquid crystal layer disposed betWeen said substrates; 

and 
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said liquid crystal layer comprising a liquid crystal 
molecule With a ?rst refractive index, a polymer With 
a second refractive index, and a dichroic dye, 
Wherein said ?rst and second refractive indexes are 
substantially the same upon voltage non-application 
and are different upon voltage application; 

Wherein, upon voltage non-application: 
said liquid crystal molecule, said dichroic dye and said 

polymer are arranged in a same direction different 
from a direction of the electric ?eld to be applied; 

said liquid crystal layer not scattering the incident light 
or the light having the predetermined polariZation 
component; and 

said dichroic dye absorbing the incident light and the 
light having the predetermined polariZation compo 
nent; and 

Wherein, upon voltage application: 
only said liquid crystal molecule and said dichroic dye 

are selectively arranged in the electric ?eld direction; 
said liquid crystal layer scattering said incident light 

and said light having the predetermined polariZation 
component. 

15. An electronic device including a display unit com 
prising: 

a light incident side substrate having a pixel electrode 
formed in a matrix shape and a sWitching element 
connected to said pixel electrode; 

an opposite substrate having a re?ecting layer With a 
mirror surface formed on an inboard side having the 
liquid crystal layer formed thereon; 

a 1A Wavelength layer formed over the re?ecting layer, the 
1A1 Wavelength layer converting an incident light 
re?ected at the re?ecting layer to a light having a 
predetermined polariZation component; 

an electrode formed over the 1A1 Wavelength layer; 
a liquid crystal layer disposed betWeen said substrates; 

and 
said liquid crystal layer comprising a liquid crystal mol 

ecule With a ?rst refractive index, a polymer With a 
second refractive index, and a dichroic dye, Wherein 
said ?rst and second refractive indexes are substantially 
the same upon voltage non-application and are different 
upon voltage application; 

Wherein, upon voltage non-application: 
said liquid crystal molecule, said dichroic dye and said 

polymer are arranged in a same direction different 
from a direction of the electric ?eld to be applied; 

said liquid crystal layer not scattering the incident light 
or the light having the predetermined polariZation 
component; and 

said dichroic dye absorbing the incident light and the 
light having the predetermined polariZation compo 
nent; and 

Wherein, upon voltage application: 
only said liquid crystal molecule and said dichroic dye 

are selectively arranged in the electric ?eld direction; 
said liquid crystal layer scattering said incident light 

and said light having the predetermined polariZation 
component. 

16. A liquid crystal apparatus comprising: 
a ?rst substrate having a ?rst and second side; 
a second substrate having a ?rst and second side; 
a re?ecting layer With a mirror surface disposed over said 

second side of said ?rst substrate; 
a 1A Wavelength layer formed over said re?ecting layer, 

the 1A1 Wavelength layer converting an incident light 
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20 
re?ected at the re?ecting layer to a light having a 
predetermined polariZation component; and 

a liquid crystal layer disposed betWeen said electrode and 
said ?rst side of said second substrate, said liquid 
crystal layer including a liquid crystal molecule With a 
?rst orientation, a polymer With a second orientation 
and a dichroic dye, Wherein said ?rst and second 
orientations are substantially the same upon voltage 
non-application and are different upon voltage appli 
cation; 

Wherein, upon voltage non-application: 
said liquid crystal molecule, said dichroic dye and said 

polymer are arranged in a same direction different 
from a direction of the electric ?eld to be applied; 

said liquid crystal layer not scattering the incident light 
or the light having the predetermined polariZation 
component; and 

said dichroic dye absorbing the incident light and the 
light having the predetermined polariZation compo 
nent; and 

Wherein, upon voltage application: 
only said liquid crystal molecule and said dichroic dye 

are selectively arranged in the electric ?eld direction; 
said liquid crystal layer scattering said incident light 

and said light having the predetermined polariZation 
component. 

17. The liquid crystal apparatus of claim 16 further 
comprising an electrode formed on said 1A Wavelength layer. 

18. The liquid crystal apparatus of claim 17 Wherein said 
electrode further comprises a picture element electrode 
formed in a matrix shape. 

19. The liquid crystal apparatus of claim 18 further 
comprising a sWitching element connected to said pixel 
electrode. 

20. The liquid crystal apparatus of claim 18 further 
comprising a color ?lter including a plurality of color 
elements formed on said ?rst side of said second substrate 
opposite said pixel electrode. 

21. The liquid crystal apparatus claim 16 further com 
prising an optical isotropic layer disposed betWeen said 
retardation ?lm and said liquid crystal layer. 

22. The liquid crystal apparatus of claim 16 Wherein the 
1A1 Wavelength layer further comprises a light-oriented poly 
mer layer. 

23. The liquid crystal apparatus of claim 16 Wherein the 
1A1 Wavelength layer further comprises one of a ?rst layer 
containing an oriented polymer compound exhibiting a 
thermotropic liquid crystal property, a second layer contain 
ing an oriented liquid crystal monomer set by ultraviolet 
irradiation, and a third layer having an inorganic transparent 
oxide ?lm deposited by oblique vapor deposition. 

24. A liquid crystal apparatus comprising: 
a ?rst substrate having a ?rst and second side; 

a second substrate having a ?rst and second side; 

a re?ecting layer With a mirror surface disposed over said 
second side of said ?rst substrate; 

a 1A Wavelength layer disposed over said re?ecting layer; 
a picture element electrode formed into a matrix shape 

and disposed over said 1A Wavelength layer; 
a sWitching element connected to said picture element 

electrode; 
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a striped shaped electrode disposed over said second side 
of said second substrate in a direction generally per 
pendicular to the direction of data lines of said sWitch 
ing element; and 

a liquid crystal layer disposed betWeen said switching 
element and said striped shaped electrode, said liquid 
crystal layer including a plurality of liquid crystal 
molecules with a ?rst orientation, a plurality of poly 
rners With a second orientation and a dichroic dye, 
Wherein said ?rst and second orientations are substan 
tially the same upon voltage non-application and are 
different upon voltage application; 

Wherein, upon voltage non-application: 
said liquid crystal rnolecule, said dichroic dye and said 

polymer are arranged in a same direction different 
from a direction of the electric ?eld to be applied; 
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said liquid crystal layer not scattering the incident light 

or the light having the predetermined polariZation 
component; and 

said dichroic dye absorbing the incident light and the 
light having the predetermined polariZation compo 
nent; and 

Wherein, upon voltage application: 
only said liquid crystal molecule and said dichroic dye 

are selectively arranged in the electric ?eld direction; 

said liquid crystal layer scattering said incident light 
and said light having the predetermined polariZation 
cornponent. 






